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The putative source of hide contamination for 236 cattle in Scotland followed from the farm through to
slaughter was determined using phage and verocytotoxin type data. The majority of cattle (84%) were found to
have subtypes of Escherichia coli O157 on their hide that had not been found previously in any animal from the
farm of origin, strongly suggesting that contamination occurred once animals had left the farm of origin. Using
logistic regression analysis, several variables and factors were found to be strongly associated (P < 0.01) with
cross-contamination of cattle hides at the univariate level; commercial transport to slaughter, transport with
other animals, use of a crush, line automation, and increasing slaughterhouse throughput were all risk factors,
while feeding hay in lairage, processing an animal earlier in a slaughter cohort, and cleaning the landing area
poststunning were protective. In the multivariable model, with the slaughterhouse and the farm group included
as random effects, factors associated with the cross-contamination of cattle hides were identified. Transport to
the slaughterhouse by a commercial hauler had a borderline-significant association with increased odds of an
animal having a cross-contaminated hide (odds ratio [OR] [95% confidence interval {CI}] = 5.7 [0.99, 33.0];
P = 0.05). At the slaughterhouse, providing hay to cattle waiting in lairage (OR [95% CI] = 0.04 [ <0.01, 1.04];
P = 0.05) and cleaning the landing area (OR [95% CI] = 0.03 [<0.01, 1.15,]; P = 0.06) also had a
borderline-significant association with decreased odds of an animal having a cross-contaminated hide. Al-
though the prevalence of carcass contamination remains very low, targeted intervention at the preslaughter

stage may have the potential to reduce further the risk to public health.

Escherichia coli O157 is an important food-borne pathogen,
in part because of its low infectious dose in humans, the se-
verity of disease outcomes in affected people, and its wide-
spread prevalence in cattle. In Scotland, E. coli O157 has had
a relatively high profile over the past two decades due to
several outbreaks of the disease. However, the majority of
cases of human illness are sporadic rather than outbreak re-
lated. The incidence of sporadic E. coli O157 cases in Scotland
is higher than those in England, Wales, and Northern Ireland.
Between 1995 and 2000, there were between 4 and 10 cases of
E. coli 0157 illness per 100,000 population per year in Scot-
land, while in England and Wales there were between 1.27 and
2.08 cases per 100,000 population per year in the same time
period (32). Cattle are asymptomatic carriers of E. coli 0157,
shedding the bacteria in their feces (6, 17). Earlier research has
indicated that contact with livestock or their environment is the
strongest risk factor for sporadic E. coli O157 cases in Scotland
(18, 22-23, 37). Recently cattle hides were specifically identi-
fied as a potential food safety concern, since E. coli on the hide
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can be transferred to the carcass during the skinning process (3,
26). A study using marker bacteria inoculated on a small number
of cattle hides entering the slaughterhouse demonstrated that the
bacteria become widely disseminated throughout the slaughter-
house environment (8). In previous work, 256 cattle were fol-
lowed from the farm to the slaughterhouse, and it was found that
more than half of the animals (55%) had contaminated hides
postexsanguination (24). The current analysis examines the ori-
gins of that hide contamination using E. coli O157 subtype data to
determine where and how animal hides became contaminated. In
terms of considering control strategies, it is important to know
whether contamination arises from an animal’s own feces or from
those of other animals that it may come in contact with. Strains of
E. coli O157 can persist in farm, feedlot, transport vehicle, or
slaughterhouse environments (21, 33), and consequently, contam-
ination may occur at different points. In terms of prevention, it is
especially important to examine the origins of cross-contamina-
tion to determine where intervention strategies may be most
effectively applied, whether at the slaughterhouse, farm, or indi-
vidual animal level.

Previous studies have found identical pulsed-field gel elec-
trophoresis (PFGE) patterns for isolates taken from slaugh-
terhouse environments, transport trailers, other cattle’s colons,
cattle hides, and carcasses, highlighting the significance and
extent of cross-contamination taking place in the preslaughter
environment (1, 2, 7, 40). This analysis uses a multilevel hier-
archical model to examine the factors associated with Scottish
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animals having a hide contaminated from external sources
(cross-contamination) at slaughter, that is, sources other than
the farm of origin, the animal itself, or other animals from the
herd of origin.

MATERIALS AND METHODS

Sample collection. Thirty-four farms participated in the study on a voluntary
basis; farms that were visited as part of a prevalence study (16) (February 2002
to February 2004) and that sent cattle directly to slaughterhouses in Scotland
were invited to enroll their animals. The 12 slaughterhouses participating in the
study were those that received animals from these farms. A total of 256 cattle
were followed from farm to slaughterhouse. Farm and slaughterhouse visits were
conducted over a period of 22 months, April 2002 to February 2004.

Farm visits. The majority of visits were made either the day before or the day
of animal departure for slaughter. Several farms were visited on more than one
occasion—three farms were visited twice, and one farm was visited three times.
A questionnaire was completed at the farm, recording details on animal descrip-
tors, such as breed and age, and preslaughter management practices, such as
clipping of the belly hair. Belly clipping is a widely used intervention to improve
the visible hygiene of animals presented for slaughter in the United Kingdom. In
addition, farm characteristics (such as housing and feed) and the mode of
transport to the slaughterhouse were recorded. Fecal samples were obtained per
rectum from all of the cattle going to slaughter and identified for each animal by
means of the ear tags. The fecal samples were transported to the laboratory in a
cooler.

Slaughterhouse visits. Visits were made on the day that the study cattle were
scheduled for slaughter. A questionnaire was completed to document preslaugh-
ter conditions for the study animals. This included slaughterhouse characteris-
tics, such as the average daily number of animals slaughtered, lairage conditions,
and slaughter hall features, and questions on the preslaughter management of
animals, such as whether they were held in lairage and for how long, if feed was
provided, and the position on the processing line (killing order). The slaughter-
house killing capacity was calculated, using the questionnaire information, as the
number of animals slaughtered on the day of the visit divided by the average daily
number of animals slaughtered. This was used as a measure of the slaughter-
house activity on the day of the visit; slaughterhouses with a value of 1.0 were
operating at routine capacity, whereas slaughterhouses with values below or
above 1.0 were operating below or above capacity, respectively. In the slaugh-
terhouse, animals entered the slaughter queue in farm groups, and the E. coli
0157 hide contamination status of each carcass (before hide removal) immedi-
ately preceding and immediately following each group was assessed. Thus, con-
tamination information was available for the hides of every animal/carcass fol-
lowed from the farm and for the carcass directly before and directly after it on
the line, allowing assessment of clustering of contamination on the processing
line. For this purpose, an additional 84 carcasses were sampled on the processing
line at the slaughterhouse only (i.c., there was no farm information for these
carcasses).

Four different samples were obtained from study carcasses on the processing
line after killing: hide, rectal content (after evisceration), and each side of the
carcass (also after evisceration and after carcass splitting). Hide samples were
obtained from the brisket area of each carcass immediately after exsanguination.
This area was chosen because it is an area that has been identified previously as
one of the most heavily contaminated (25, 31) and it is one of the initial opening
cut sites for removal of the hide. The area along the breastbone between the
front legs (along the incision line for hide removal) was sampled using a moist
swab. Samples were placed in 80 ml of sterile buffered peptone water and
transported to the laboratory in a cooler with ice packs. The method used for
recovery of E. coli O157 from the hide samples was validated using sterile
buffered peptone water spiked with E. coli O157 strain 6252 (39).

Isolation, enumeration, and laboratory analysis. The methods of Chapman et
al. (5) were used to isolate E. coli 0157 from fecal samples, with the modification
of using non-antibiotic-enriched buffered peptone water during enrichment (38).

Upon arrival at the laboratory, hide samples were refrigerated overnight at
4°C. The following day, samples were enriched for 6 h at 37°C using buffered
peptone water. The samples were then frozen at —80°C for a minimum of 6
months (39). Upon thawing, immunomagnetic separation was used to identify E.
coli O157 strains as described by Ternent et al. (39). A positive sample was
defined as one testing positive for verocytotoxin-producing Escherichia coli O157.
The Scottish E. coli O157 Reference Laboratory (Edinburgh) confirmed the
identification of positive colonies and performed phage typing and PFGE on the
samples.
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Typing of the verocytotoxin genes (VT1 and VT2 genes) in positive E. coli
0157 isolates was accomplished using PCR (29). Phage typing was carried out
following standard procedures described by Khakhria et al. (20). For the majority
of the samples, a single colony was isolated and tested. However, to obtain an
indication of how representative a single colony would be of the sample tested,
every 20th sample was duplicate tested. Two aliquots were plated on separate
plates, and from each a single colony was isolated and tested in the manner
described above, the phage type and verocytotoxin type determined, and the
results compared.

Definition of the outcome variable. The dichotomous outcome variable con-
cerned the presence or absence of E. coli O157 cross-contamination on an
individual animal’s hide. The farms that participated in this study were also
participants in at least one of two previously conducted prevalence studies (16,
28). The first study was conducted from March 1998 to May 2000, whereas the
second study (during which the farms were recruited for the subsequent slaugh-
ter component) was conducted during the same time period as the slaughter-
house study, from February 2002 to February 2004, as part of the same research
project. Information regarding the phage and verocytotoxin type (VT type) of E.
coli O157 from samples taken in these two prevalence studies was available.
Putative cross-contamination was defined as an instance in which the phage/VT
type of E. coli 0157 isolated from an animal’s hide was not the same as that of
any sample that had been recorded (either in the current or previous studies) on
the farm from which the animal was sent to slaughter. The outcome was deter-
mined to be negative if the hide sample result was negative for E. coli 0157, if
it matched the subtype of an E. coli O157 sample from the animal’s own fecal
sample or the fecal or hide sample of an animal in its farm group, or if it matched
the subtype of an E. coli O157 sample previously recorded on the farm of origin.
The farm group, in this context, is defined as a group of cattle from the same
farm, sent to slaughter at the same time. A conservative definition of the out-
come variable was used; since it was not possible to determine whether or not an
animal’s hide had become contaminated by an extrinsic animal (not from its own
farm of origin) but with an E. coli O157 subtype identical to one previously found
on the farm of origin, this occurrence of cross-contamination would not be
considered. Potentially, therefore, the true prevalence of E. coli O157 hide
cross-contamination was underestimated.

Statistical analysis. A generalized linear mixed model was fitted to the data
using multivariable logistic regression and the statistical software Stata 9.1 (36).
Records of individual cattle in which there were missing values were removed,
leaving 236 cattle in the reduced data set, from 32 farms, going to 11 slaughter-
houses. Data for many variables were collected during the course of the slaugh-
terhouse study; however, only variables that were considered relevant for the
identification of risk factors for hide cross-contamination once animals left the
farm were examined. Predictor variables included those at the level of individual
animals, farms, and slaughterhouses. Categorical variables with more than two
levels were coded as dummy variables. Univariate analyses were conducted by
regressing each predictor variable individually on the outcome variable using
logistic regression. Those predictor variables with a P value of <0.25 were
offered to a multivariable model. The “gllamm” function of Stata 9.1 was used,
with adaptive quadrature specified (30). The data set included groups of animals
sent from 32 farms to 11 slaughterhouses; as a consequence, both “group” and
“slaughterhouse” were modeled as random effects. Variables with P values of
>0.05 were removed sequentially from the model, starting with the least-signif-
icant variable. Inclusion or exclusion of variables from the model was determined
by an examination of both the Akaike’s information criterion of the full and
reduced models and the likelihood ratio test. To avoid overfitting the data,
interactions between the variables in the main effects model were not examined
due to the small number of observations (236 individual cattle) and the inclusion
of two random effects. Intraclass correlation coefficients (ICCs) were calculated
for both random effects. The ICC is a measure of the variability among groups
within the random effects and so provides an estimate of the correlation between
observations within the same group (in this case, within the same farm group or
within the same slaughterhouse).

RESULTS

Animal characteristics and management factors. The E. coli
0157 subtype data relating to the hide samples are shown in
Table 1, and the risk factors examined are shown in Table 2.
The number of carcasses processed and the prevalence of E.
coli 0157 hide contamination at each slaughterhouse in the
study are presented in Table 3. A breakdown of the potential
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TABLE 1. Phage and VT types of E. coli O157 in the 236 hide
samples taken from Scottish cattle at slaughter, 2002 to 2004

Hide sample Hide sample Frequency No. of farms
phage type VT type [no. (%)] (fecal sample)”

b — 106 (44.9) 32 (all)

21/28 VT2 57 (24.2) 10

8 VT1VT2 21 (8.9) 1

4 VT2 14 (5.9) 0

2 VT1VT2 11 (4.7) 0

2 VT2 9(3.8) 3

32 VT2 7(3.0) 0

8 VT1 6(2.5) 0

34 VT2 2(0.9) 4

RDNC VT1VT2 2(0.9) 0

Untypeable 1(0.4) 0

Total 236 (100)

¢ Number of farms for which the subtype was detected in fecal samples, either
in the slaughterhouse study or one of the two previous prevalence studies (total,
32 farms).

> no E. coli 0157 was found.

risk factors by hide cross-contamination status and the univar-
iate analysis results are presented in Tables 4 and 5.

Putative source of hide contamination. Five percent of the
farm fecal samples, 6% of the gut samples, and <1% of the
carcass samples obtained from the study animals were positive
for E. coli O157. Of the hide samples, 130 of the 236 cattle
(55%) had contaminated hides. Using phage types and VT
types to classify the contaminated hides, only 5% of study
animals with contaminated hides appeared to be “self-contam-
inated” (i.e., had the same subtype on the hide as in fecal or
rectal content samples) (Fig. 1). Nine percent of contaminated
hides were contaminated with subtypes that had been found on
the farm of origin in either of the two previous prevalence
studies, while 2% of the contaminated hides had subtypes
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TABLE 3. Number of hide samples positive for E. coli O157
contamination per slaughterhouse in the reduced data
set of 236 carcasses in Scotland, 2002 to 2004

Carcasses’ hides processed
Slaughterhouse

no. No. E. coli Total no. % E. coli O157
0157 positive sampled positive
1 32 34 94
2 14 15 93
3 0 14 0
4 15 22 68
5 1 3 33
6 10 19 53
7 24 37 65
8 0 18 0
9 2 3 67
10 1 5 20
11 31 66 47
Total 130 236 55

matching the subtypes in a fecal sample or hide sample of at
least one animal in the same farm group. Eighty-four percent
of the study animals that were found to have E. coli O157 on
their hides were contaminated with subtypes not previously
recorded from any animal from the farm of origin.
Significant univariable associations. Several variables and
factors were found to be strongly associated (P < 0.01) with
cross-contamination of cattle hides at the univariate level:
commercial transport to slaughter, transport with other ani-
mals, use of a crush, line automation, and increasing slaugh-
terhouse throughput were all risk factors, while feeding hay in
lairage, processing an animal earlier in a slaughter cohort, and
cleaning the landing area poststunning were protective.
Multivariable logistic regression. Transport to the slaugh-
terhouse by a commercial hauler, as opposed to transport by

TABLE 2. Potential risk factors considered in study examining E. coli O157 hide cross-contamination of 236 cattle at slaughter in Scotland,
2002 to 2004

Variable
(abbreviated name)

Description

Transport ... Transport from the farm to the slaughterhouse (dichotomous): by farmer or by commercial hauler

Crush

Use of a crush (restraining crate) by the slaughterhouse to restrain individual animals when reading ear tags

(dichotomous): crush not used or crush used
Feed in lairage.......ccccoeveueucucnee. Provision of hay in the slaughterhouse lairage to animals that are not slaughtered immediately upon arrival
(dichotomous): feed not provided or hay provided

Mechanics Mechanics of the processing line (dichotomous): automated line or manually operated line

Travel with.....cccooviiviiiiinns Travel with animals from other farms on the journey to the slaughterhouse (dichotomous): did not travel
with animals from other farms or did travel with animals from other farms

Land area.....ccccceveeeevercncneneccnens Slaughterhouse practice regarding the landing area (area of the floor where carcasses fall immediately after
stunning, dichotomous): landing area not cleaned after each carcass or landing area cleaned after each
carcass using a squeegee

Lairage Animals held in lairage after arriving at the slaughterhouse and prior to slaughter (dichotomous): animals
not held in lairage or animals held in lairage

Clipped Clipping of the belly hide of animals prior to transport to the slaughterhouse, to make animals appear more
visually clean (dichotomous): animals not clipped or animals clipped

Line no. Position on the processing line (killing order, continuous)

Throughput.......ccccccoiiiiiinnns Average no. of animals slaughtered per day in the slaughterhouse (continuous)

Age” Age (mo) of each study animal (continuous)

Capacity ....ccceeeveverevevirinrenes Slaughterhouse capacity (no. of animals slaughtered on day of researchers’ visit/avg daily no. slaughtered at
that slaughterhouse, dichotomous): capacity of <1.0 or capacity of >1.0

TIME oo Time (h) from when animals left the farm to when hide sample was taken at the slaughterhouse (continuous)

“ At the time of this study, slaughter of cattle older than 30 months for human consumption was prohibited under the transmissible spongiform encephalopathy

regulations in force in the United Kingdom.
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TABLE 4. Univariate analysis of categorical variables considered in
analysis of risk factors for hide cross-contamination of 236 cattle
with E. coli O157 at slaughter in Scotland, 2002 to 2004

Hide cross-
contamination

Variable Category No. of P value

catle  No (%) No. (%)

negative positive

Transport Farmer 87 60 (69) 27 (31)
Hauler 149 67 (45) 82(55) <0.001

Crush No 178 107 (60) 71 (40)
Yes 58 20 (34) 38 (66) 0.001

Feed None 214 106 (50) 108 (50)
Hay 22 21 (95) 1(5) 0.003

Mechanics ~ Automated 198 93 (47) 105 (53)
Manual 38 34 (89) 4(11) <0.001

Travel with  No 87 60 (69) 27 (31)
Yes 149 67 (45) 82(55) <0.001

Land area Nothing 200 92 (46) 108 (54)
Cleaned 36 35(97) 1(3) <0.001

Lairage Not held in 17 7 (41) 10 (59)

lairage
Held in 219 120 (55) 99 (45) 0.255
lairage

Clipped No 101 49 (49) 52(51)
Yes 135 78 (58) 57 (42) 0.260

Capacity No 121 69 (57) 52 (43)
Yes 115 58 (50) 57 (50) 0.216

the farmer, was associated with a borderline-significant in-
crease in the odds of a hide being cross-contaminated (odds
ratio [OR] [95% confidence interval {CI} = 5.7 [0.99, 33.0];
P = 0.05). In the slaughterhouse, providing hay to animals in
lairage (OR [95% CI] = 0.04 [<0.01, 1.04]; P = 0.05) and
cleaning the landing area from the stunning crate between
each animal (OR [95% CI] = 0.03 [<0.01, 1.15]; P = 0.06)
were associated with borderline-significant decreases in the
odds of hide cross-contamination (Table 6). ICCs for farm
group and slaughterhouse were calculated to be 0.56 and 0.20,
respectively.

Duplicate testing results. For 14 hide samples, two colonies
were isolated and tested. Five were positive for E. coli 0157,
were confirmed positive in both samples, and had matching
phage types and VT types. All nine negative samples were
negative for both samples.

DISCUSSION

The observation that the great majority of animals with
contaminated hides were contaminated with subtypes never
previously recorded on the farm of origin suggests that cross-

TABLE 5. Univariate analysis of continuous variables considered in
analysis of risk factors for hide cross-contamination of 236 cattle
with E. coli O157 at slaughter in Scotland, 2002 to 2004

Direction of

Variable Range Median SD offect P value
Line no. 1-536 73 106 Positive <0.001
Throughput 25-400 200 107 Positive <0.001

(animals/day)
Age (mo) 12-30 23 44 0.519
Time (h) <1-48.9 4.1 10.4 0.478
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FIG. 1. Putative origin of Escherichia coli O157 hide contamination
of 236 Scottish beef cattle at slaughter, as determined by phage/VT
type. A, cross-contaminated; B, contaminated with subtype previously
found on farm of origin; C, self-contaminated; D, contaminated by
animals in the same farm group.

contamination was a significant phenomenon in this study pop-
ulation. This was also the conclusion of a study examining the
effects of transportation and the lairage environment on the
prevalence and diversity of E. coli O157:H7 cattle hide con-
tamination (1). Hide contamination increased from 50.3 to
94.4% from sampling pretransport at the feedlot to sampling
poststunning and -exsanguination at the processing plant. The
number of highly contaminated hides also increased, and only
29% of the isolates collected at the processing plant matched
those collected pretransport (indicating cross-contamination
had occurred). Cattle hide contamination by E. coli 0157 is a
potential threat to human health via the food chain, since
contaminated hides have been shown to be a likely route of
carcass contamination (3, 14, 26). Therefore, it is important to
determine when and how the hides become contaminated, as
this indicates the level at which interventions may be most
effectively applied (e.g., individual animal, farm, and slaugh-
terhouse). If the major source of contamination was shown to
be from the farm of origin (i.e., hides contaminated with E. coli
0157 from the animal’s own fecal matter or that of a herd-
mate), this would suggest that the most effective interventions
should be directed toward reducing fecal shedding on partic-
ular “problem” farms, that is, farms that don’t necessarily have
high prevalences or concentrations of E. coli O157 but ones on
which some of the animals are shedding for a prolonged period
of time (i.e., many consecutive months). However, the finding
that the majority of contaminated hides were contaminated

TABLE 6. Final mixed-model logistic regression analysis of hide
cross-contamination data set

Factor Coefficient SE OR (95% CI) P value
Transport
Farmer 1.0
Hauler 1.7 0.9 5.7(0.99, 33.0) 0.05
Feed in lairage
No feed 1.0
Hay -32 1.7 0.04 (2.0e%,1.04)  0.05
Landing area practice
Not wiped between 1.0
carcasses
Wiped between —34 1.8 0.03(9.1e7™,1.15)  0.06
carcasses
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with subtypes not found on the animals’ farms of origin sug-
gests that such a focused approach may not be effective. In
these circumstances, a more global farm-based strategy, such
as universal vaccination or therapy, or intervention further
along the processing chain, such as adjusting transport condi-
tions and/or intervention in the slaughterhouse, would be re-
quired. Childs et al. (7) found genotypic matches between
colonic isolates from cattle and those from environmental sam-
ples, suggesting that animals that are shedding are doing so in
a way that widely distributes bacteria throughout the prehar-
vest environment. It was also found that E. coli O157:H7 iso-
lates from hide samples of cattle genetically matched isolates
found in environmental samples. There are many points in the
beef processing chain where hides may become contaminated:
on the farm, during transport, during unloading at the slaugh-
terhouse, in lairage, and on the lairage-to-slaughter route (34).
Since only 6% of animals were found to be shedding on the
farm and less than 5% of animals had E. coli O157 in their
terminal rectum at the slaughterhouse in this study, a combi-
nation of individual animal/herd-level prevention of shedding
and sanitization of environmental reservoirs may prove useful.

A number of categorical and continuous variables were
strongly associated with cross-contamination at the univariable
level. All significant variables were plausible potential risk or
protective factors, although the apparent protective effect of a
manual line was interesting and somewhat unexpected. How-
ever, this variable, as well as the position in line, slaughter-
house throughput, feeding of hay, traveling with others, and
use of a crush, dropped out of the subsequent multivariable
model, suggesting the apparent associations are explained by
the remaining variables.

A nearly sixfold increase in the odds of an animal having a
cross-contaminated hide was observed when a commercial
hauler took animals to the slaughterhouse as opposed to their
being transported by the farmer. The importance of transport
with respect to hide contamination has been previously discussed
(1,7, 10, 12, 24, 40). In the current study, transport of groups from
more than one farm occurred only with commercial haulage (24),
and this may have contributed to the significance of this factor,
providing the opportunity for direct hide-to-hide or hide-to-
trailer-to-hide cross-contamination, transferring foreign sub-
types from one hide to another. Tutenel et al. (40) hypothe-
sized that a major factor mediating the spread of hide
contamination is direct contact between animals after they
leave the farm. A study examining cattle behavior in housing
found that there was an average of 13 instances per hour of an
animal grooming another (direct contact), although it is not
known whether this behavior is similar among animals in trans-
port (27). Another possible contributor to indirect cross-con-
tamination is inadequate cleaning of vehicles between ship-
ments of cattle from different farms. Since E. coli O157 can
remain viable and infectious for up to 2 months in fecal sam-
ples (41), thorough cleaning and disinfecting of trailers after
each journey to the slaughterhouse may reduce the prevalence
of cross-contaminated hides. The potential for transport trail-
ers to be sources of E. coli O157 contamination has been
demonstrated using molecular epidemiological techniques. Us-
ing PFGE, Childs et al. (7) found that E. coli O157:H7 isolates
obtained from transport trailer side walls matched those from
cattle hides within a slaughterhouse. This study also found that
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isolates could be genetically matched between transport
trailers, areas of the slaughterhouse, and the colons of some
animals. Another study found at least one positive E. coli
O157:H7 sample from each of the seven trailers in the study
(1).

Providing hay in lairage was negatively associated with hide
cross-contamination. The point estimate of the odds ratio for
this factor was 0.04, and the significance was borderline (P =
0.05). This result was similar to that reported in a previous
publication (24) regarding general hide contamination. Al-
though other studies have found that diet has a sparing effect
on the prevalence of shedding of E. coli (9) and E. coli O157
(15, 35), the length of time that most study animals spent in
lairage in the current study (mean, 3 h; range, 0 to 45.2 h)
would not be sufficient for any feeding regimen to have a
known biological effect for the majority of cattle. A potential
confounding factor is that in the United Kingdom, only ani-
mals spending more than 12 h in lairage must be provided with
feed. It is possible that it is this “resting” period that may be
responsible for the decrease in hide contamination, or perhaps
this factor is simply a proxy for some other factor not measured
in the study.

Another factor that was found to be protective was cleaning
of the landing area from the stunning crate after each animal
had been stunned. This factor was also only borderline signif-
icant (P = 0.06), with an associated odds ratio of 0.03. Cleaning
the landing area, in the slaughterhouses included in the study,
involved mopping the area with a squeegee after each animal
had been removed following stunning. Our results suggest that
this practice may be beneficial in reducing the risk of cross-
contamination. However, in some slaughterhouse configura-
tions this would not be easily implemented since animals fall
onto a tubular steel raised cradle. Elder et al. (11) detected the
presence of E. coli O157 on cattle hides following stunning,
suggesting the landing area as a plausible reservoir of contam-
ination. Small et al. (34) and Collis et al. (8) also suggested the
landing area is a key site for hide cross-contamination. The
results presented here support these hypotheses. The landing
area cleaning methods employed by the slaughterhouses in this
study did not involve any antimicrobial measures; it is plausible
that simply wiping down the landing area and removing gross
fecal contamination was sufficient to reduce cross-contamina-
tion.

The ICCs associated with the random effects provide an
indication of the degree of variability between the different
farm groups and between the different slaughterhouses with
respect to the outcome. The ICC of 0.56 for farm group indi-
cates that 56% of the variability in the occurrence of cross-
contaminated hides was due to differences between farm
groups; that is, different farm groups had widely varying preva-
lences of cross-contaminated hides. This wide variation may be
explained by the differences in transport methods used to take
groups to the slaughterhouse or may be due to some factor or
factors not measured. The ICC for slaughterhouse was 0.20,
and consequently, there does not appear to be a high level of
variation in the occurrence of E. coli O157 cross-contaminated
cattle hides between the 11 slaughterhouses in this data set.

There are several limitations of this study that should be
explored. While only one colony was isolated from each sample
for laboratory analysis in this study, animals can be colonized
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by more than one strain of E. coli O157 (26), although this
appears to be a rare occurrence. Therefore, if more isolates
had been typed per sample, it is possible that a different esti-
mate of cross-contamination prevalence would have been
found. However, although it is only a small number, the five
positive hide samples that were duplicate tested had identical
phage and verocytotoxin types. Although there is evidence that
particular subtypes can persist on a farm over long periods of
time (21, 33), new strains of E. coli O157 can also appear on
farms (33). Thus, the use of historical data on subtypes on the
farm may not necessarily reflect the current contamination
profile of the farm, although cattle derived from it should be
representative of the farm. Although the first prevalence study
was completed 2 years prior to the commencement of the
slaughterhouse study, the second prevalence study was con-
ducted contemporaneously (farms for the slaughterhouse
study were recruited from participants of the second preva-
lence study). However, the most surprising finding was that the
majority of E. coli O157 isolates discovered on the hide did not
match those found in the fecal or gut samples of the animal or
those from others in its farm group; the historical data were
included as a convenient additional source of information.
Other studies have shown that most farms appear to have E.
coli O157 strains with unique patterns (using PFGE); however,
it has also been reported that several farms can harbor strains
with identical genetic patterns, although this again does not
appear to be a common occurrence (33). In our approach, this
would cause the apparent prevalence of hide cross-contamina-
tion to be lower than the true prevalence. It is likely that the
prevalence of cross-contaminated hides in this study was un-
derestimated, since phage and VT typing were used to type the
isolates sampled. Isolates may have the same phage type/VT
type but different PFGE patterns. In addition, no environmen-
tal samples were taken (e.g., from the transport trailers or the
slaughterhouse environment) to compare with the hide sam-
ples. It is therefore not known whether there were any domi-
nant or persistent strains in the environment that would match
the observed E. coli O157 subtype patterns of the hide samples
tested. E. coli O157 contamination of cattle lairages has been
demonstrated to persist from one day to the next, despite
routine cleaning (34). Tutenel et al. (40) reported that even
after 3 days of zero slaughter activity, E. coli O157 could still be
isolated from two aprons and the stunning crate before the
start of slaughtering.

Although several farm groups had low numbers of cattle,
this represents all the animals comprising a slaughter group
from that farm on that day (median, 5 animals per farm group;
range, 1 to 19). This is typical of the system that operates in
Scotland, with numerous relatively small family-run opera-
tions. This is in contrast to the large-scale feedlots typical of
beef production in other parts of the world.

It is possible, since only one area of the hide was sampled
(the brisket), that if other carcass sites were tested, more risk
factors might be revealed. However, the brisket has been found
to be one of the most contaminated sites on the hides of cattle
(31), and so the analysis described here likely represents one of
the most important sites of hide contamination. Further, the
brisket represents an area for the opening cut site for skinning
the animal and subsequently for splitting the sternum to access
the thorax for purposes of evisceration. Contamination may be
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transferred from this site to others on the carcass, and roll-
back of the hide, which may occur during the removal process,
could also transfer bacteria from the brisket to other parts of
the carcass (31).

Conclusions. In this study, cross-contamination appeared to
be the predominant mechanism for hide contamination of cat-
tle with Escherichia coli O157. This suggests that it is not
sufficient for individual farmers to eliminate E. coli O157 from
their herd but rather that there should be a coordination of
intervention strategies aimed at reducing the prevalence of
hide contamination and/or preventing contact between animals
from different sources after they leave the farm of origin.
Further research is required to better understand how the
provision of hay in lairage and the wiping down of the landing
area have protective effects against E. coli O157 hide cross-
contamination of cattle.
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